It is often forgotten that confocal microscopy was the first super-resolution technique giving improvement of lateral resolution by a factor of √2 compared to wide-field fluorescence microscopy. Unfortunately, lateral resolution can only be reduced by minimizing the pinhole diameter (in theory down to zero). This, however, would reduce the detection efficiency dramatically and result in images with a very low signal-to-noise ratio. Therefore, in practice most microscopists adjust the pinhole radius to one Airy unit; thus sacrificing lateral resolution for the sake of signal-to-noise ratio. Sheppard [1] proposed to solve this problem by removing the pinhole and using a camera instead at the original position of the pinhole in a technique named Image Scanning Microscopy (ISM) [2, 3] .
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Here, we present a new super-resolution technique, Re-scan Confocal Microscopy (RCM) [4] , based on the rescanning of the emitted light, that overcomes the limitations on acquisition and processing time of ISM, while maintaining the advantages in resolution improvement. RCM is based on standard confocal microscopy, extended with an optical unit (re-scanner) that projects the PSF, without demagnification, directly on a camera with double angular amplitude compared to the first scanning unit. As a result, the width of the spot is improved by a factor of √2 relative to diffraction limited resolution. In addition to improved resolution, RCM has superior light collection efficiency due to a relatively open pinhole and use of a sensitive EMCCD camera as detector. RCM is an "optics only" super resolution technique, meaning that no image reconstruction procedure is required to get sharp images.
The talk will show the improvement of lateral resolution, quantified by 3D imaging of fluorescent beads of 100 nm. The FWHM is reduced for widefield microscopy from 245 nm down to 170 nm for Re-scan Confocal Microscopy, which is an improvement by a factor of 1.4 as predicted by the theory. Optical sections of fluorescently labeled microtubules in HUVEC cells show, for example, parallel microtubules unresolved with wide-field resolution ( Fig.2A ) that can be distinguished by RCM (Fig.2B ).
We will show biological applications of the technique in time lapse imaging of living cells, showing that RCM allows imaging of fast dynamics in super-resolution without post-processing. Time lapse imaging of living HeLa cells expressing EB3-GFP, which is associated with the growing end of microtubules, shows that RCM allows tracking of fast dynamic structures (0.5 μm/s) with improved resolution, high sensitivity and sufficient sample rate (2 fpm). Finally, we show that the RCM technology allows accurate observation of the mobility of dendritic spines in living primary hippocampal neurons expressing pGW1-GFP (Fig.2C ). 
